Although we yawn each and every day, most people have little understanding of why we do it. In fact, the function of yawning has remained mysterious for centuries, even among scientists, and this has only changed quite recently. Contrary to what people have believed for a long time, it is now understood that yawns have nothing to do with breathing or the amount of oxygen we are taking in. Instead, new and growing research has revealed that yawns serve as a brain cooling mechanism. This new perspective on yawning as a response to elevated brain temperature has transformed our understanding of this commonly overlooked and misinterpreted behavior. This information might be useful for treating and diagnosing medical conditions that are accompanied by frequent yawning and for monitoring and improving our brain's performance throughout the day.
look basically the same in most mammals and birds. Humans begin yawning in the womb before they take their first breath and continue to yawn throughout their lives. Yawns are "contagious"-we yawn when we see others yawn, and even when we read about yawning (consider this a warning). However, we also yawn when we are alone, and after all, someone has to yawn first, even if yawning is contagious. This type of yawning, which is done without seeing or reading about other yawns, is referred to as spontaneous yawning.
Spontaneous yawning often occurs at night when we are sleepy, and upon waking in the morning. It is widely recognized that we tend to yawn when we are bored, and thus it is quite common across various cultures around the globe to believe that yawns serve as a signal of sleepiness and disinterest. However, yawning also occurs when people and animals are alert, not just when they are tired or bored, and therefore yawns are more complicated than you might think. Even though there are a lot of popular stories about the purpose of yawns, scientists have only recently discovered yawning's true function.
THE MYSTERY OF YAWNING
When thinking about why we yawn, people mostly pay attention to the respiratory, or breathing, aspect. When breathing, we inhale to increase our oxygen supply, and we exhale to get rid of excess carbon dioxide. So, the deep breath that accompanies yawning has led many people to believe that the purpose of yawns is to increase oxygen levels. While this explanation seems to make good sense, research conducted 30 years ago firmly rejected this idea. In a clear test of whether yawning was caused by low oxygen levels, Dr. Robert Provine et al. designed an experiment in which they changed the content of the air that was inhaled by participants in the laboratory and then witnessed the effects that the air had on yawning [1] . The researchers had separate conditions where participants either inhaled air with extra oxygen or extra carbon dioxide. These experiments demonstrated that neither breathing pure oxygen nor increased levels of carbon dioxide altered the rate of yawning in humans. In other words, the results of this study revealed that yawning was unaffected by the amount of oxygen in the air, and that yawning and breathing are controlled by separate mechanisms.
More recent research has begun to study how the powerful stretching of the jaw that defines yawning, in combination with the deep inhalation of air, might cause a change in the mental state of the person or animal yawning, such as a shift from feeling sleepy to feeling more awake [2] . A large number of studies using animals have shown that yawns tend to occur when individuals feel anxious about something that is about to happen, or right after periods of stress. These conditions often lead to increases (rather than decreases) in movement and brain activity [3] . Therefore, contrary to the popular belief that yawns are a sign of sleepiness and boredom, it is becoming more widely accepted within the scientific community that yawns somehow stimulate animals to be more active and cause changes in their activity patterns. But how could the action of yawning achieve these outcomes?
BRAIN COOLING
Recently, it was proposed that yawns function as a way to cool the brain [4] . According to this brain cooling hypothesis, when the brain is cooled off by yawning, that's what then causes changes in activity levels. There are three things that affect the temperature of the brain: (1) how fast blood is traveling to the brain, (2) the temperature of blood flowing to the brain, and (3) how much heat the brain is producing. For an easy way to think about this, consider what makes your body warm on a hot summer day: (1) how much wind is blowing (or how fast a fan is spinning), (2) how warm or cool the breeze is (regular fan or air conditioner), and (3) how much heat you are producing (exercising or sitting still). According to this brain cooling hypothesis, the physical act of yawning alters the first two conditions: the rate and temperature of blood flowing to the brain. The powerful opening of the jaw produces pressure that forces blood to rush through the blood vessels traveling away from the head (like squeezing water from a sponge), which increases the speed at which fresh blood then flows into the brain. In addition, the deep inhalation of cool air during a yawn reduces the temperature of the blood flowing to the brain. So together, the yawn forces warmer blood away from the hot brain while at the same time bringing in cooler blood from around the lungs ( Figure 1 ). This is similar to what happens in a car radiator, which contains fluid that circulates through the engine to keep the engine from overheating. The radiator is located in the front of the car, so that the passing outside air cools it as you drive. This 
FIGURE 1
Yawning causes the blood flow and the temperature of the brain to change. A. Yawns are triggered when the brain temperature rises. B. and C. The powerful opening of the jaw and the deep inhalation of air produces pressure that forces warm blood to drain away from the skull, indicated by red arrows, while increasing the supply of cooler blood to the brain, indicated by blue arrows. D. Together, this action functions to decrease the brain temperature.
airflow cools the fluid inside the radiator, which then circulates through the engine to decrease the hot engine temperature. The fluid then transfers the heat generated by the hot engine back out to the radiator to be cooled again.
HYPOTHESIS TESTING
All hypotheses make predictions, which can then be tested by experiments. If these predictions are shown to be true, the hypothesis is supported. For example, if gravity is true, then it is predicted that water will flow downhill, and that when you slip, you fall down rather than up. The brain cooling hypothesis has two basic predictions. First, if yawning serves to cool the brain, then it is predicted that yawns will be triggered by increases in brain temperature and after a yawn, brain temperature will be lower. This prediction has been tested in the laboratory by monitoring changes in the brain temperature of rats [5] . By recording rats' brain temperatures before and after yawns and comparing those temperatures, researchers were able to show that (1) brain temperature increased rapidly before yawns and then (2) decreased shortly after yawns (Figure 2 ). These results supported the brain cooling hypothesis. In other words, similar to the way that the thermostat on an air conditioner activates when the room becomes too hot, yawns are triggered when brain temperature rises, and this results in a cooling effect that brings the brain back to a normal temperature. Importantly, this doesn't happen only in rats. Similar changes in temperature (as measured by an oral thermometer) have been shown in humans before and after periods of excessive yawning [6] . Therefore, yawns appear to be most strongly and consistently associated with changes in brain and skull temperature, not with the amount of oxygen in the air or how sleepy a person is.
The second basic prediction of the brain cooling hypothesis is that yawning should be affected by changes in the temperature of the surrounding air, which is also known as ambient temperature. In particular, yawning should increase when the ambient temperature increases. When you are outside on a hot summer day, as the ambient temperature increases, so does the temperature of your body, which in turn triggers your body's cooling mechanisms, such as sweating. According to the second prediction of the brain cooling hypothesis, as the ambient temperature increases, yawning should increase, too. But the story is actually more complicated than this. Does jumping into a hot tub to cool off on a hot day sound look a good idea? If you said "no, " then you can understand why yawning when it is too hot might also seem like a bad idea. Yawning could actually heat up your brain if the ambient air temperature is warmer than your blood. So, when it is very hot outside, yawns should happen less often, as other cooling mechanisms, such as sweating, kick in. Also, yawns (and other body-cooling mechanisms) are expected to be much less common in colder temperatures. So, as it happens, there is a fairly narrow temperature region where yawning is effective at cooling the brain (Figure 3 ). These predicted patterns of yawning in hot and cold air temperatures have been observed in humans while outdoors in climates such as the desert of Arizona and the bitter winters of Austria, as well as in birds and rats in laboratory environments where air temperature can be controlled [7] . 
FIGURE 3
Changes in ambient temperature affect the frequency of yawning in mammals and birds. The blue part of the line in the white panel indicates the ambient temperatures at which brain and body temperatures are easily maintained. This is also referred to as the "thermal neutral zone." Once ambient temperatures increase a little bit, shown by the red region of the line, so does the need to cool the brain, which results in an increased yawning rate. However, yawns occur less frequently when the air is very hot or very cold, since taking a deep inhalation of exceedingly warm air would no longer provide a cooling function and cooling mechanisms are not needed in cold environments.
YAWNING EXPLAINED
The brain cooling hypothesis can also explain why yawning happens in a variety of other related situations. For example, some medical reports have shown a strong connection between brain temperature and yawning frequency. A number of medical conditions and prescription drugs that increase brain temperature have been shown to increase the occurrence of yawning, while medical conditions and drugs that produce a decrease in brain temperature reduce the occurrence of yawns [8] . The brain cooling hypothesis also helps us to understand the connection between yawning and sleep, since major changes in brain and body temperature occur in the morning and evening hours, when yawning happens most often. For example, brain and body temperatures rise rapidly when we wake up in the morning and are highest in the evening before we fall asleep. The fact that yawning occurs as a result of stress is also consistent with the brain cooling hypothesis, since stress and anxiety are associated with increases in body temperature. The brain cooling hypothesis can also explain differences in the way animals yawn. There is a general rule in nature; bigger things take longer to heat up and cool down, compared with smaller things. This is why a large pot of water takes much longer to boil in comparison with a smaller one. This is also why large bodies of water, like lakes and even swimming pools, do not become covered with ice until well after the air temperature drops below freezing, but in comparison, it only takes a few hours to make ice cubes in the freezer. We can think about the brain cooling effects of yawning in a similar way. Larger brains should also take longer to cool than smaller brains. To test this prediction, researchers recently examined whether differences in how long a yawn lasts were associated with brain size. They examined a large group of different mammals [9] . As predicted, species with larger brains, but not necessarily larger bodies, experienced longer yawns compared with species with smaller brains.
Last, the brain cooling hypothesis helps to explain why yawns are contagious (something you have likely experienced by now, while reading this article). If yawning is a brain cooling mechanism that helps to change the activity level in the body, the contagious spreading of yawning between individuals may help to coordinate the behavior of all the members in the group. In other words, if yawning helps prepare a bird to shift from resting to flying, then it makes sense for the rest of the flock to coordinate their behavior and get ready to fly, too.
A NEW PERSPECTIVE FOR AN OLD BEHAVIOR
In addition to improving our basic understanding of this common behavior that many people don't often think about, this new perspective on yawning as a brain cooling mechanism might be useful in a number of ways. For example, research on yawning could improve the treatment and diagnosis of medical conditions with frequent yawning in which individuals are not able to keep their brains and bodies at a normal temperature, such as patients with epilepsy or multiple sclerosis. In addition, a better understanding of yawning could improve how we identify and work to fight excessive sleepiness, or even to improve the brain's performance during long periods of attention and focus. Understanding the relationship between stress and yawning can also help us to understand the emotional state of non-human animals that otherwise cannot communicate with us. Now, the next time someone mentions how yawning is rude or disrespectful, encourage them to read this article so they can learn more about the function of this behavior and why yawns are so important, and so cool. 
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